Abstract: There was a certain difference in the accumulation and translocation capacity of Cd in 20 rice genotypes by hydroponics. The different detoxification mechanism of Cd in rice roots was explored from microcosmic perspective. The results showed that the accumulation of Cd in Japonica rice was larger than that in Indica rice. The Cd content in root was higher than that in stem/leaf, and the transfer factor varied in 1.22% -11.12%. The non-protein-sulfhydryl substance in root play a certain role in Cd detoxification in the rice root. The content of Cd in the root cell wall was higher than in other components, and the content of non-protein thiol (NPT) materials in root was significantly correlated with the accumulation of Cd. The Cd tolerance of these genotypes rice was obviously different, but the mechanism of detoxification of rice root was all related to the cell wall and the content of NPT in the cell.
INTRODUCTION
Globally, many paddy fields are subject to Cd pollution due to human activities such as the indiscriminate discharge of industrial and mining wastes, improper sludge disposal and irrational use of chemical fertilizers. In China, about 2.786 × 10 5 ha of agricultural soils are polluted by various contaminants [1] . Rice is the main food for more than half of the world's population. The accumulation of Cd in rice can enter the human body through the food chain and cause harm to human beings, especially in Southeast Asia [2] .
Different genotypes of rice cultivars have great differences in accumulation and root tolerance to Cd [3, 4, 5] . Therefore, it is essential to study the accumulation and transfer of Cd in rice roots of various genotypes. Toxicity of Cd on rice cannot be ignored, even at low Cd concentrations. The plant will also appear necrosis and produce Cd-containing grain. Rice roots play a significant function in the absorption and transfer of metal Cd, and once the root absorbs Cd, it will be complexed by the cell wall (polysaccharides) and / or low molecular weight compounds, inhibiting its transfer to above ground [6, 7] . There are two kinds of mechanism for plant detoxification of Cd, the deposition of rice root cell wall and the intracellular action of the vacuolar [8, 9] . Root gene expression produce nonprotein thiol materials (NPT), mainly including glutathione (GSH), phytochelatin synthase (PCs) and other materials containing thiol (-SH), which plays a key role in the Cd detoxification of plants [10, 11] . Clemens et al. [12] suggests that Cd can bind to PC in the plant cytoplasm to form PC-Cd complex, then transport to the vacuole by transport proteins to constitute a sulfur-containing high molecular weight complex, which is stored in the vacuole, decrease the concentration of free Cd 2+ in the cytosol and reduces the toxicity of Cd.
This study investigated the differences in Cd accumulation in 20 genotypes of rice from the micro level, so as to identify the detoxification mechanisms. Differential centrifugation analysis was used to compare the sub cellular distribution of Cd accumulation in these genotypes of rice to reveal the mechanism of Cd uptake. In addition, through the exploration for the Cd tolerance differences in 20 genotypes of rice cultivars and the expression of NPT in rice roots, it will provide a scientific basis for screening of rice resistant to Cd and the mechanism of Cd detoxification in rice root cytoplasm.
MATERIALS AND METHODS

Rice Varieties
Twenty rice cultivars (13 indica styles, 7 japonica styles) were selected, including indica conventional rice, indica two-line hybrid rice, indica three-line hybrid rice, japonica conventional rice, japonica two-line hybrid rice and japonica three-line hybrid rice. Specific cultivars are listed in Table 1. 
Experiment Method
Rices were cultivated with rice special nutrient solution from International Rice Research Institute in PVC pots (height 30 cm, diameter 25 cm). The rice seeds with full grain shape were selected and soaked in 30% H 2 O 2 (w/w) for 10 min and cleaned with deionized water. After two weeks of cultivation in deionized water, the rice seedlings were transferred to a 1/8 diluted special nutrient solution. When the seedlings grew to four-leaf, they were treated with the complete nutrient solution containing 2.0 µmol/L cadmium (CdCl 2 ), which was adjusted pH around 5.5 with dilute NaOH or HCl solution and replaced every ten days. The quantitative nutrient solution was added every two days. These were set up 4 repetitions. Each pot has three poles in the cover. Two strains were put per hole and controlled pest timely.
Sample Collection and Analysis
Rice plant samples were collected after 40 days in Cd stress, rinsed 3 times with tap water, washed 3 times with deionized water and separated the roots, stems and leaves. The fresh samples were preserved for determination of NPT content and subcellular distribution of Cd in roots. When the samples were collected, the height of rice plants was measured. After the samples were collected, they were soaked at 105 for 0.5 hour, dried at 60 , and their dry mass were weighed. The dried plants were milled through the 1 mm-sieve, digested with 4:1 nitric acid-perchloric acid, and the Cd content was determined with atomic absorption spectrometry (AAS).
Subcellular Distribution of Cd in Rice Roots
Different fractional centrifugation technique was used to isolate the cellular components of each organ: cell wall fraction (F1), organelle fraction (F2), membrane fraction (F3), and cell fluid fraction (F4). The detailed method is: the fresh plant sample 10 g was added with 10 mmol·L -1 Tris-HCl buffer (pH=7.4, 2.5% AsA), ground in an ice bath, and the homogenate was centrifuged to separate each cell component. The filter residue was F1. F2 component was centrifuged and precipitated at 2500 g, other was precipitated at 15000 g as F3 component after centrifugation, and supernatant is F4 component. Each buffer was replenished with the same volume of buffer before centrifugation. The resulting residue and precipitate were assayed for analysis.
The cell wall and unbroken residue were washed with deionized water, filtered by quantitative filter paper and dried at 60℃, and 10 mL of HNO 3 -HClO 4 (4:1, V/V) mixture was added. After overnight, digestion was performed at 200℃. Cd content was determined through AAS. The organelle pellets were transferred to a small beaker with deionized water, evaporated to dry on a hot plate, digested with 2 mL of concentrated nitric acid and clarified. The supernatant was acidified for the determination of Cd content with AAS.
Determination of Non-Protein Sulfhydryl
The fresh sample 1.00 g was added 2.0 mL of 5% (V/V) SSA (5-sulfosalicylic acid) (containing 6.3 mmol·L -1 DTPA, pH<1), and added a small amount of washed quartz sand in 4 . The samples were ground, mixed and centrifuged (8000 g) in low-temperature (4℃) for 15 min. And the supernatant liquid was reserved. The supernatant 300 µL was took into a 10 mL glass test tube, added 630 µL 0.5 mol·L -1 K 2 HPO 4 (pH 7.5) and 25 µL 6.3 mmol·L -1 2-nitrobenzoic acid (DTNB), placed for 20 min at room temperature, and used for the colorimetric determination of non-protein thiol at 412 nm.
Index Calculation and Data Analysis
When rice was harvested, the dry weight of root and stem (leaf) ratio (R/S) was used to evaluate growth and health indicators [13] .
Transfer factor (TF%) [14] = Cd content of stem and leaf (mg/kg dry weight)/ Cd content of root (mg/kg dry weight) × 100.
All data was statistically analyzed using SPSS 18.0.
RESUIL AND ANALYSIS
Plant Height and Biomass of Rice at Different Cd Concentrations
The growth status of each genotype rice was shown in Table 2 and Figure 1. According to Table 2 , the length of rice root was 1.8 -33.7 cm and the length of The values are mean ± SE (n = 3). Different letters in the same column indicate significant difference between the rice cultivars at P < 0.05.
stems and leaves 28.2 -60.0 cm. The differences between the root length and the length of stems and leaves of rice at tested Cd concentrations were obvious, and the plant heights of "E Liangyou 476", "Jiayou No. 2" and "Liangyou 289" were longer compared with others and were 91.8 cm, 59.3 cm and 89.0 cm respectively. In Figure 1 , the dry matter biomass of rice in "Ejingza No. 3", "E Liangyou 476", "Aofuyou 383" and "Liangyou 289" were higher than that of other varieties and their values all were above 1.4 g/per. While "Ludao Q7" had the lowest plant height and dry matter weight in this biological stage. Compared with the largest "E Liangyou 476", the difference in plant height was 0.9 times, and the biomass was 6.14 times lower than the maximum biomass "E Jingza No. 3". Thus, there was a significant difference in the response of different genotype rice growth under the same Cd stress. But it could be seen that there was no significant difference in growth health status (R/S) after Cd stress treatment in rice. Overall, the growth height and dry matter weight of rice genotypes differed greatly.
Cd Accumulation of Rice
During the 40-day growth of rice under Cd stress, the Cd accumulation in different organs and the Cd transfer factor (TF%) were showed in Figure 2 and 3 . In 20 rice cultivars, the Cd content of rice root ranged from 160.12 to 487.97 mg/kg, but that of stems and leaves was 2.06 -26.86 mg/kg. The accumulation of Cd in rice was mainly concentrated in the roots, while its content in stems and leaves is less. In Figure 2 , it showed that the total accumulation of Cd in japonica rice was 321. 19 As could be seen from Figure 3 , there were significant differences in the transfer factors of these rice cultivars. The rice cultivars with larger transfer factors were "Aofuyou 383", "Huayou 352" and "EJingza No. 3". In particular, varieties "Huayou 352" whose transfer factor was as high as 11.12%, while the minimum transfer factor was "Liangyou 289", which is only 1.22%. For the cultivar "Ludao Q7", the accumulation content of Cd and the transfer factor were small, but the growth status was poor, probably because the growth of the rice cultivar was slow to grow and metabolize under Cd stress, resulting in a decrease in the absorption and transport capacity of Cd.
Distribution of Cd in Rice Root Subcellular
It could be seen in Figure 4 that, for the all rice genotypes, the accumulation of Cd in the rice root was mainly distributed in the cell wall component (F1), and that in the cell fluid (F4) was the second. The Cd cumulant of F1 and F4 in No. 9 "Liangyou 289", for instance, were 55.11% and 24.27% respectively. The accumulation of Cd in the rice roots organelles component (F2), and the membrane structure constituent (F3) was relatively small, such as F1 (62.51%), F4 (23.62%), F2 (7.76%) and F3 (6.11%) in No. 1 "ludao Q7". The largest proportion of F1 components in Cd content was the cultivar "Huiliangyou 996" with a ratio of 70.01%, and the smallest was cultivar No. 15 "Xiangyubo" with a Cd ratio of 41.96%. Although the Cd distribution amount of F1 was the least in "Xiangyubo" among these rice genotypes, the order of distribution in each component of "Xiangyubo" was still F1 (41.96%) > F4 (22.30%) > F2 (21.90%) > F3 (13.83%). This indicated that the Cd mainly deposited in the cell wall of rice roots, and it did not vary greatly among these genotypes.
NPT Content of Rice Root under Cd Stress
It showed in Figure 5 that the NPT content range in different rice genotypes was 1.47 -17.12 mg/kg. No. 9 "Liangyou 289", No. 10 "Quanyou 822" and No. 11 "E liangyou 476" had fewer NPT content, 2.41 mg/kg, 1.69 mg/kg and 1.47 mg/kg, respectively, while the content of Cd in japonica rice was generally higher, 17.12 mg/kg in "Ejing 912", which was the highest. Apparently, the NPT contents were different in the roots of tested rice genotypes. In Figure 6 , the accumulation of Cd in roots of rice was significantly correlated with the expression of NPT in roots (P < 0.05). This suggested that the uptake of Cd in rice roots stimulated the expression of NPT, allowing more Cd to bind to NPT and reducing the Cd accumulation in the shoot. Therefore, the expression of NPT in rice roots is an important substance that inhibits the metastasis of Cd in plants.
DISCUSSION
The discrepancy in absorption and accumulation of Cd in different rice genotypes was significant, and Cd was mainly present in the root part of rice, the same as Lai reported [15] . The roots of rice are in direct contact with the Cd-containing environment and the metal are transported through the root system to the ground. Simultaneously, the present study found that Cd was mainly concentrated in cell walls of roots, and the content of Cd in the soluble components of rice root cells was only inferior to that of cell wall, which might be related to the deposition of cell. At present, the rice cell wall fixation and vacuole compartmentalization play an important role in reducing Cd toxicity. Cd is mainly combined with the carboxyl group and hydroxyl group (-COOH/-OH) in the cell wall, inhibiting its entrance into the cytoplasm and reducing the toxic effects of metal on rice [16, 3] .
Vacuolar compartmentalization of plant cells is one of the important detoxification mechanisms in rice. Gene OsHMA3 located on the cell membrane can transfer Cd into the vacuole and inhibit the metastasis of Cd [17] . The presence of Cd could induce NPT-SH synthesis in rice roots. Shi and Pan [18] similarly indicate that Cd can promote to produce NPT. The part of Cd absorbed by rice roots exists in the form of NPT-SH-Cd (PCs-Cd, GSH-Cd, etc.), complexes in the vacuole and inhibits Cd transfer to the shoot [19, 20, 21] , but the Cd content of the soluble components in the rice root system was correlated with the transfer factor (TF) of Cd [22] . Therefore, the transfer of metal, which accumulated in rice root, would be suppressed. These results not only showed that rice cell deposition was the main detoxification mechanism, but also explained the reasons the more Cd in rice roots than stems and leaves.
It could be found that the accumulation amount of Cd and NPT in japonica rice was higher than that in indica rice universally. Although study has pointed out that the accumulation of Cd in indica rice was greater than that of japonica rice [23] , the relationship between the expression of NPT in the roots of rice and the accumulation of Cd has not been analyzed. Our study held that the accumulation amount of Cd and NPT were significantly positively correlated. The previous studies have shown that the GSH content in root for low-Cd rice varieties is higher than that for high-Cd rice cultivars [24] . Phytochelatin (PC), as a kind of NPT, plays an important role in the metastasis ability of Cd in rice cells. It was found that the added Cd down regulated the metal transporter genes IRT1 and NRAMP1, while up regulated the expression of the PC synthase gene (PCS1) in plant [25] . The detoxification mechanisms of different rice varieties are similar, but the differences in Cd accumulation between indica rice and indica rice may be related to the content and species of NPT in rice. The results of this study only reflected the relationship between Cd and NPT content in rice roots, and we should further explore the differences in gene expression between indica and japonica rice, and find out the contribution of specific proteins to the detoxification mechanism of Cd.
CONCLUSION
Under the same Cd level stress, the tolerance ability of several genotypes of rice was existential discrepancy, but the mechanism of Cd tolerance was basically the same. Generally, the mechanism of detoxification in these rice genotypes was related to the cell wall and intracellular NPT expression in rice roots. Cd accumulation in rice roots was significantly correlated with its expression of NPT, and Cd in the rice genotypes was mainly distributed in cell wall components, followed by cytosolic components. There was no significant difference in R/S among the rice cultivars, while the accumulation of Cd and the rootshoot transfer factor in all cultivars, especially japonica cultivars, were higher than that in indica cultivars. Considering the difference in the growth status and Cd accumulation and transport capacity of 20 genotype rices, it is considered that the "Liangyou 289" rice cultivars are more resistant to Cd.
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